Nanomaterial can interact with biological systems in different way, using their surface functionalities and depending on the particle size, shape, and aggregation. The present work aims to characterize the binding of tiopronin gold nanoparticles with extracted DNA from blood patients with rheumatoid arthritis kinetically and thermodynamically. A total of 19 patients with rheumatoid arthritis attending Baghdad Teaching Hospital / Medical City were included in this study. Tiopronin monolayer-protected gold nanoparticles) were prepared by chemical methods and a partial purification of DNA extracted was preceded using negative ions exchange column chromatography. Characterization of Tio Au NPs binding with DNA was investigated by using TEM, SEM, FTIR, EDX, and UV-VIS techniques. The results indicated that the average size of Tio Au NPs was 48nm., and there is a different binding affinity of DNA to tiopronin gold nanoparticles depending on pH. Also the melting temperature of DNA was decreased 5C 0 when binding with tiopronin gold nanoparticles. Thermodynamic studies indicated that the reaction was endothermic, less order, and nonspontaneous.
‫ال‬ ‫خالصـة‬

Introduction
Nanotechnology allows scientists, engineers, chemists, and physicians to produce important advances in life sciences and health care through working at the molecular and cellular levels [1] . One of these is nanomedicine, which includes new interventions in disease detection, treatment and prevention [2] . Nanomaterial can interact with biological systems in different ways: by using their surface functionalities and depending on the particle size, shape, and aggregation. A few types of nanoparticles, such as liposomes, polymeric (albumin) and metallic (Au) have been approved for clinical trial as nanoparticle-based therapeutics [3] . Characterization of gold nanoparticles is significant to appreciate and control nanoparticles synthesis and applications. It is executed using a range of diverse techniques like scanning electron microscopy (SEM), 98 transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), and UltraViolet-Visible spectroscopy (UV-Vis). These techniques are helpful to resolve diverse parameters such as: particle size, pore size, shape, crystallinity, surface area, and fractal dimensions. In addition, orientation, intercalation, and dispersion of nanoparticles are also considered [4] . In the last years, the studies of noncovalent interactions of DNA with ligands have received considerable attention caused by the large number of applications being derived from these interactions. One of these applications is the development of new diagnostic and therapeutic agents [5] [6] . Arthritis is a joints disease. The physiology of joints makes them very difficult targets for drug delivery in a manner that is specific and selective. Gene transfer is the only technology that can solve the delivery problem in a clinically reasonable fashion. There is an abundance of preclinical data confirming that genes can be efficiently transferred to tissues within joints by intra-articular injection using a variety of different vectors in conjunction with ex-vivo and in-vivo strategies [7] . Several different approaches are hopeful in this regard, including gene transfer to the synovial lining cells of individual joints and to extra-articular locations [8] . This work aims to study the effect of DNA concentration, pH, and temperature on binding of tiopronin gold nanoparticles with DNA extracted from whole blood of rheumatoid arthritis patients.
Experimental Subject
A total of 19 patients with rheumatoid arthritis attending Baghdad Teaching Hospital/Medical City are included in the study. General information of each patient such as: age, sex, duration of illness, and therapy were recorded. Sixteen matches of healthy individuals with age and sex were included in the present study as a control. Blood Samples: Five milliliters from venous blood were collected for patients and healthy controls, then immediately transferred into EDTA tube and kept in a cool place until used.
DNA Extraction
A simple, rapid method for extraction of human DNA has been used. One milliliter of EDTA-treated blood was mixed with Tris buffer and centrifuged to yield nuclear fraction. The nuclear pellet is treated with sodium dodecyl sulfate/urea and phenol/ chloroform to remove contamination protein [9] . DNA Purification by Ion Exchange Chromatography A partial purification of DNA extracted from rheumatoid arthritis patients and control was proceeded using negative ions exchange Colum chromatography (1.3 × 6.5 cm) (Di Ethyl Amino Ethyl (DEAE) Sephadex G-25 [10] .
Preparation of Tiopronin Gold Nanoparticles
Tiopronin monolayer-protected gold nanoparticles (Tio Au Nps) were prepared by chemical methods using the procedure of Temple et al [11] .
DNA Binding With Tiopronin Gold Nanoparticles
The binding of gold nanoparticles capped with N-(2-mercaptopropionyl) glycine (Tio Au Nps) with double-stranded DNA extracted from blood of patient with rheumatoid arthritis was carried out by mixed them for at least 3 min. ) of DNA/TioAuNPs solution were tested with increase concentration of DNA, and then the absorbance spectra by UV-Vis was measured to get a point intersection [13] . Effect of temperature: A different temperature (30, 40, 50, 60, 70, 80, and 90 o C) was used to study the effects of the temperature on DNA melting in presence and absence of tiopronin gold nanoparticles (Tio Au NPs) [14] .
Kinetic Studies of DNA Binding with Tiopronin Gold Nanoparticles
Characterization of DNA binding with Tiopronin Gold Nanoparticles
Scanning Electron Microscopy (SEM):
A droplet of solution (TioAuNPs) was deposited on glass cover slid (2×2) cm2 to dry the sample before scanning, it should be used furnace (at low temperature) to accelerate the drying process [15] . Energy Dispersive X-Ray Analysis (EDX): Energy Dispersive X-Ray Analysis (EDX) is generally coupled with either an SEM or a TEM. During EDX analysis, the sample is bombarded with an electron beam inside the electron microscope and the bombarding electrons collide with the sample atom, freeing them in the process. A position vacated by an ejected inner shell electron is eventually occupied by a higher energy electron from an outer shell but for this to happen; the transferring outer electron must give up some of its energy by emitting an X-ray,EDX was carried out using a Hitachi SU70 Analytical SEM. It is equipped with an Oxford Instruments 50mm2 X-Max silicon drift EDS detector [16] . Fourier Transform Infrared spectroscopy (FTIR): A droplet of solution is deposited on glass cover to dry sample before measurement; it should be left over night in dust protected environment [17] . UV-VIS: UV-Visible plasma absorption measurements were carried out at room temperature on Shimadzu 1800 UV-Visible spectrophotometer using a quartz cell with 1cm path length and Lambda 40, (Perkin Elmer, USA) in the wavelength range of 200-800 nm. The deionized water was used as the blank [18] . Fluorescence Measurements: Fluorescence characterization of the (AuNPs/DNA, Au NPs) solutions was performed using a FluoroMax-2 JOBAN YVON SPEX, Instruments S.A., Inc., France. The fluorescence measurements were also made over the wavelength range of 250-900 nm using 1 cm path length quartz cuvettes, which were cleaned before each use by sonicating them for 5 min in distill water (DW) and then rinsing with distill water [4] . 
Results and Discussion
Clinical Characterization
Nineteen patients with a diagnosis of rheumatoid arthritis were initially evaluated. 
Deoxyribonucleic acid Extraction and Purification
The Deoxyribonucleic acid was extracted from whole blood of control and patients with rheumatoid arthritis by mixed 5ml of whole blood pool with lysis buffer to lyse the cells then the fraction was suspended in a buffer containing SDS and urea. The DNA was extracted twice with phenol/chloroform to remove most of proteins. The extracted DNA was purified partially by using Sephadex G-25 Colum to remove the contamination proteins. The concentrations of DNA were determined by measuring the absorbance at 260 nm using biodrop spectrophotometer. Meanwhile the ratios of A 260 /A 280 were determined to evaluate the protein contamination, see Table 2 .
The results of the present study indicated that the purity of DNA of control and patients with rheumatoid arthritis were 1.818 and1.841 respectively these results were in agreement with the general rule that any preparation of DNA with A 260 /A 280 greater than 1.7 is called pure [20] . Figures 1 and 2 show the SEM images of Autiopronin nanoparticles binding with different amounts of DNA it is very clear that Autiopronin has good ability to activate aggregation after binding with DNA for both control and patient for rheumatoid arthritis and it is clear from these images that gold nanoparticles induce a compaction of DNA molecules. It can also be seen in the figure that the degree of compaction increases with the concentration of nanoparticles. As shown in this figures it was found that DNA for control differ than that for patients in their ability to aggregate and that was due to genetic differences between them where can be expected that the tiopronin nanoparticles binding occur principally through the formation of stable hydrogen bonding between the hydrophilic groups of the tiopronin and the DNA bases [12] .
Characterization of tiopronin gold nanoparticles binding with DNA Scanning Electron Microscopy (SEM)
Energy Dispersive X-Ray Analysis (EDX)
In Figure 3 , DNA patient with rheumatoid arthritis was found. Wt% for C, N and O were 33.32%, 30.73% and 19.96% respectively. While for control ( Figure 2 ) EDX analysis shows Wt% of O, C, S and Au equal to 16.04%, 2.63%, 0.73% and 0.41%.The gold weight present was decrease after binding with DNA which was a normal result because the surface of the particles was completely coated with DNA and tiopronin [16] . Fourier Transform Infrared spectroscopy (FTIR): DNA molecule contains two kinds of potential nucleophilic sites which can function as hydrogen receptors: the exocyclic nitrogen or carbonyl oxygen of the purine and pyrimidine bases and the phosphate oxygen atoms. Each of these groups is capable of forming a hydrogen bond with a hydrogen donor molecule under specific chemical conditions. The molecular vibrations arising from these different moieties of DNA are observed in specific region of the IR spectrum [21] . The comparison between Figures 3 and 4 was observed that the band at1589cm 1 , which due to the aromatic ring of DNA, is present on the Au-tiopronin nanoparticles binding with DNA IR spectra with shifting to 1627cm -1 which means that DNA was bonded with Autiopronin. C=O vibrational band (1730cm -1 ) is visible only in the spectrum of Au-tiopronin and disappeared after binding with DNA, this confirm that the ligand make hydrogen bonds with DNA at C=O group. Fluorescence Measurements: It is well known that small gold nanoparticles are able to emit fluorescence [22] . The change on the fluorescence spectra with increasing the amount of DNA which added to a solution containing a fixed gold nanoparticles concentration was observed [12] [22] . In previous studies of the emission from (Tio Au NPs), it was reported that the luminescence was (λ em =770) for crystalline size (1.8nm) and (λ em =656) for crystalline size (1.4nm), also they observed that the luminescence maximum shifts to lower energy with increasing core size [21] . The results of the present study presented. Figure 5 indicates that λ em was (700nm) which means that the effective crystalline size of (Tio Au NPs) was about (1.6nm). Figure 6 and Figure 7 show the intensity of emission which was modified by the presence of DNA where the intensity was increased and shifted to lower energy. That means, the electronic levels of Au were closed to each other with the addition of DNA. 
102
Kinetic Studies
Effect of pH:
The strength of the DNA interaction with Tio Au NPs could be modified as a function of the media pH [14] .UV-Visible spectra was used to characterize the binding of Table 3 . Effect of temperature: DNA melting is an important factor that can be used to distinguish between the molecules depending on their binding type, where the intercalation of small molecules into the double helix of DNA is caused an increase of the helix melting temperature which stabilizing the double helix structure of DNA, while there is no increase of T m in non-intercalative binding [23] . Figure 8 shows the melting curve of DNA for both control and patient with rheumatoid arthritis in the absence and presence of AuNPs. DNA in aqueous solution has a melting temperature of O C. These decreases are presumably due to the binding of gold nanoparticles with DNA and the high affinity of mononucleotides and polynucleotides for small gold nanoparticles, the result is agreement with [24] .
Thermodynamic study of Tio Au NPs binding with DNA
The thermodynamic parameters of the transitional state were determined by using Arrhenius equation, which connects between speeds constant K and temperature inverse in Kelvin. The resulted plot of Ln K against 1/T gives a straight line with slope equals (-Ea/R) as shown in Figure 10 . The ∆H*, ∆G*, and ∆S* were calculated. The thermodynamic parameters of the transitional state are illustrated. It is noticed from Table 4 that (∆H*) value in patient of rheumatoid arthritis is a positive value, which indicates that formation of DNA is an endothermic reaction. The positive value of (∆S*) refers to the inactive complex structure, which is less order than the reactors structure. (∆G*) have positive value in the studied group which indicates that the formation of activated complex is a nonspontaneous process. 
Conclusions
The interaction of tiopronin gold nanoparticles with DNA must be investigated by using different techniques such as FTIRspectroscopy, TEM, SEM, UV-visible and EDX. The reaction was endothermic, less order and non-spontaneous.
